The ability of rats with ibotenate lesions of the entorhinal cortex to form memories for events was assessed by using a gustatory within-event learning procedure. Rats first received exposure to 2 events, AX and BY, each composed of a pair of flavors. Following this exposure period, Flavor X alone was paired with the delivery of lithium chloride. Lesioned and control rats showed a greater aversion to A than to B and to AX than to BX. These results challenge theories that suppose that the entorhinal cortex plays a general role in forming representations of patterns of stimulation.
It has been popular for theories of learning and memory to suppose that the presentation of a stimulus activates a set of representational elements and that exposure to a stimulus can result in the formation of links between those elements (e.g., McLaren & Mackintosh, 2002) . A strategy proving useful in the study of this process has been to create stimulus complexes and assess learning about them in sensory preconditioning (see e.g., Thompson, 1972) or within-event learning procedures (Rescorla & Durlach, 1981) . In a demonstration of within-event learning, animals are presented with a stimulus (AX), artificially composed of separable stimulus elements (A and X). One element only, X, is subsequently paired with the unconditional stimulus (US). The conditioned response (CR) is subsequently exhibited when the animal is presented with Element A, a finding requiring representation of the co-occurrence of A and X.
The form of memory mediating within-event learning is anticipated by standard associative theories. Wagner (e.g., 1981, p. 13) suggested that an associative chain would operate on test such that A would activate a representation of the US via A's association with X, and X's association with the US. The demonstration of within-event learning may also be accommodated by a computationally, and neurally, based theory of stimulus representation (Myers, Gluck & Granger, 1995; cf. O'Reilly & Rudy, 2001 ). According to this theory, when A and X reliably co-occur generalization between them will be increased: This is because their co-occurrence ensures that A and X will come to activate overlapping sets of units in the hidden layer of a three-layer connectionist network. This process has been termed stimulus-stimulus redundancy compression (Myers et al., 1995) . Although presented in more general terms, this theory accommodates both the observation of within-event learning and for its key properties that have been revealed in analytical experiments (see e.g., Rescorla & Durlach, 1981) .
For a variety of reasons, Myers et al. (1995, p. 126) suggested that stimulus-stimulus redundancy compression will depend on the integrity of the entorhinal cortex (EC). The purpose of this study was to test a corollary of this suggestion, that selective excitotoxic lesions of the EC would affect within-event learning. To this end, we used a preparation, originally described by Rescorla and Cunningham (1978) , that has proven a robust tool for the study of within-event learning in our laboratory (Ward-Robinson et al., 2001 . During Phase 1, rats were presented with two complex flavors (AX and BY) created by mixing the appropriate, separable elements (i.e., A with X and B with Y) in water. Phase 2 was designed to make X, but not Y, unpalatable to the rats. Rats received presentations of X followed by administration of lithium chloride (LiCl); Y was presented equally often but was not followed by LiCl. During testing, rats were presented with A and with B. In this procedure, gustatory within-event learning would be evident if rats were less inclined to consume A than B.
To investigate the source of any within-event learning, we performed a second test that was designed to discriminate between the associative chain account and the compression model. In this test, rats were offered AX and BX. The standard finding in gustatory within-event learning (that consumption of A is reduced relative to B) is accommodated by the associative chain account because A is able to activate the representation of X (to which the aversion has been established). The addition of X should, therefore, equate rats' rejection of A and B, because it renders A's ability to activate the representation of X irrelevant. However, if within-event learning is governed by generalization between A and X through a compressed AX representation then the presentation of AX should remain better able to activate a representation of the US than should BX: There should be better generalization of the aversion from X to the compound for which a representation exists (AX) than to one for which there is no representation (BX).
Rats received either excitotoxic lesions of the EC (Group EC) or sham lesions (Group SHAM) before the gustatory within-event learning procedure outlined earlier and described fully under Procedures in the Method section.
Method

Subjects and Surgery
The subjects were 16 male hooded Lister rats (Harlan Olac, Oxon, England) that were randomly allocated to Groups Control and EC (ns ϭ 8). One rat from Group EC died after surgery. Their mean weights (during within-event learning) were as follows: Group Control ϭ 352 g (range ϭ 320 g-385 g) and Group EC ϭ 371 g (range ϭ 320 g-385 g). Group EC received bilateral, excitotoxic lesions of the EC, based on the procedures of Coutureau, Galani, Gosselin, Majchrzak, and Di Scala (1999) . Rats were first anesthetized using a halothane-oxygen mix before placement in a stereotaxic frame (Kopf Instruments, Tujunga, CA). Bone above the region to be lesioned was removed and ibotenic acid (Biosearch Technologies, San Rafael, CA; dissolved in phosphate-buffered saline [pH 7.4] to provide a solution with a concentration of 63 mM) was injected into the brain. This was administered through a glass pipette glued onto the end of a 5-L Hamilton syringe held with a microinjector (Kopf Instruments, Model 5000). Each rat received seven bilateral infusions of ibotenic acid. Injections (with reference to anterior-posterior; medial-lateral; and dorsalventral coordinates, relative to bregma) were given at (a) Ϫ6.1, Ϯ5.8, Ϫ6.9; (b) Ϫ6.5, Ϯ4.7, Ϫ7.4; (c) Ϫ7.0, Ϯ4.5, Ϫ6.6; (d) Ϫ7.0, Ϯ5.8, Ϫ5.8; (e) Ϫ7.5, Ϯ4.6, Ϫ5.8; (f) Ϫ8.0, Ϯ4.7, Ϫ3.0; and (g) Ϫ8.5, Ϯ3.6, Ϫ3.6. Injections (a), (b), and (c) were 0.050 L; injection (d) was 0.075 L; injections (e), (f), and (g) were 0.100 L. Injections were made manually at a rate of 0.10 L/min, and the pipette was left in place for 1 min after the injection allowing diffusion of the solution into the tissue. Group Control was given a similar procedure, but the dura was simply perforated using a standard needle, and no injection was given.
Rats were singly housed in a vivarium, illuminated from 0800 to 2000 and were permitted free access to standard rat chow, but access to water was restricted (see Procedures). All rats used in this study were treated in accordance with national laws (Animals [Scientific Procedures] Act, 1986). The rats had previously served in an appetitive conditioning procedure reported by Coutureau et al. (2002) , but their assignment to subgroups in the present study (see Procedures) was arranged so that their previous training could have no systematic effect on these results.
Apparatus
All stages of the procedure occurred in the rats' home cages. Cages, which contained standard sawdust bedding, were constructed of opaque plastic and measured 20 cm high ϫ 24 cm wide ϫ 41 cm long. Deionized water was used to make solutions of 0.33 M sucrose, 0.16 M NaCl, 60.00 M quinine hydrochloride (HCl), and 0.01 M HCl. These solutions were presented either alone or mixed, preserving their molarities, and they were administered by using inverted 50-mL centrifuge tubes with ball-bearingtipped spouts. A balance was used to record fluid consumption to the nearest 0.1 g.
Procedures
Within-event learning. A schedule of water deprivation was established: Water bottles were removed overnight and, on each of the next 3 days, access to fluid was restricted to once-daily water for 30 min at 1100.
Phase 1 of the experiment began on the following day. Over 8 days, all rats received four 10-g presentations of each of two compound solutions, AX and BY. For half of the rats, HCl was used as X and quinine hydrochloride was used as Y; for the remainder, the role of those flavors was reversed. Within each of these subgroups, for half of the rats sucrose was used as A and NaCl was used as B; for the remainder of the rats the role of those flavors was reversed. Rats from Groups Control and EC were represented similarly in each of the four counterbalanced subgroups. Solutions were presented in the sequence AX, BY, BY, AX, AX, BY, BY, AX, for half of the rats and in the sequence BY, AX, AX, BY, BY, AX, AX, BY, for the remainder of the rats. Solutions were presented for 1 hr at 1100. Throughout the experiment, the rats' consumption of the solutions was determined by the difference in the weight of the rats' tubes before and after presentation.
Phase 2 began on the day after the end of Phase 1 and occurred over the course of 5 days. On Days 1 and 4, rats received 10 g of Solution X that was followed within 20 min by an injection of LiCl (0.30 M, 10 mL/kg ip). Solution Y was presented on Days 2 and 3 but with no injection. Solutions were presented at 1100 for 30 min. Rats were also given free access to tap water for 30 min at 1500. On Day 5, rats received no flavored stimuli but were offered tap water at 1100 and 1500 for 30 min.
On the next day, rats were given 30-min free access to Solutions A and B. Two tubes, one containing only Solution A and the other containing only Solution B, were presented simultaneously. The tubes' spouts were 8 cm apart. Solutions A and B were positioned on the left-and right-hand sides equally often across the subgroups. On the following day the test was repeated with the positions of A and B reversed. Because fluid consumption was relatively high (see the Results section), no supplementary water was given in the afternoons of either test.
On the following day, rats received a second test designed to allow examination of the mechanism underlying within-event learning. Testing was identical except that only one test was given and that rats were offered Compounds AX and BX.
Histology. After behavioral testing, rats were overdosed with sodium pentobarbitone (Euthatal) and were transcardially perfused, first with 0.9% saline and then with 10% formo-l saline. Brains were removed and postfixed for 2 hr before their transfer to phosphate-buffered (0.1 M) 30%-sucrose solution where they remained for 36 hr. Forty-m-thick horizontal sections were made, using a freezing microtome (Ϫ20°C); they were mounted onto gelatin-coated slides and dried at room temperature for 24 hr before staining with cresyl violet. Locations and extent of the lesions were determined using a microscope and Paxinos and Watson's (1997) atlas.
Results
Within-Event Learning
During Phase 1, all rats consumed at least 9.0 mL of solution on every trial. Data from Phase 2 are summarized in Figure 1A . Consumption of Solutions X and Y was similar and high on the first trial, and consumption of Solution X declined on the second trial. That no such decline in the consumption of Solution Y occurred indicates that an aversion to X had been acquired. The lesion treatment had no effect on the acquisition of this aversion. Analysis of variance (ANOVA) revealed main effects of solution, F(1, 13) ϭ 24.25, p Ͻ .001; session, F(1, 13) ϭ 36.24, p Ͻ .001; and a reliable interaction between these factors, F(1, 13) ϭ 48.48, p Ͻ .001. No other main effects or interactions were reliable (smallest p Ͼ .73). Analysis of simple main effects revealed the source of the interaction to be from a reliable difference between consumption of Solution X and Y on Session 2, F(1, 26) ϭ 66.86, p Ͻ .001, but not on Session 1 (F Ͻ 1) .
The results of central interest are those of the within-event learning test and are summarized in Figure 1B . Group Control consumed less A than B. This preferential rejection of A constitutes a demonstration of standard, gustatory within-event learning (cf. Rescorla & Cunningham, 1978; Ward-Robinson et al., 2001 ): This effect was also apparent in Group EC. ANOVA revealed a main effect of solution, F(1, 13) ϭ 12.39, p Ͻ .005, but no main effect of group or interaction between those factors (smallest p Ͼ .40). Data from the test in which AX and BX were presented are summarized in Figure 1C . Inspection indicates the consumption of Solution AX was less than that of BX, both in Group Control and EC. ANOVA yielded a significant main effect of solution only, F(1, 13) ϭ 5.49, p Ͻ .04 (next smallest p Ͼ .62). Figure 2 summarizes the extent of cell loss in Group EC. Lesions were restricted to the EC and were small: They typically extended from Ϫ4.6 to Ϫ7.6 mm (ventral to bregma) and in all rats were confined to the medial part of the EC. No damage to the hippocampus or subiculum was detected.
Histology
Discussion
This study examined neural and psychological origins of gustatory within-event learning (e.g., Rescorla & Durlach, 1981) , using a procedure based on Rescorla and Cunningham (1978;  see also e.g., Ward-Robinson et al., 2002) . Myers et al. (1995) suggested that within-event learning is a special case of more global, stimulus-stimulus compression processes: When stimuli (here, A and X) co-occur, their representations are compressed, thereby enhancing the generalization of responding between them. The feature of Myers et al.'s theory scrutinized in this article was their suggestion that within-event learning is dependent on the EC. This claim was not supported and our findings, therefore, challenge Myers et al.'s theory.
One way to reconcile our findings with Myers et al.'s (1995) theory would be to suppose that gustatory within-event learning has its origin in a process other than stimulus-stimulus redundancy compression. However, we found that rats' consumption of AX was less than that of BX in a supplementary test. This finding is predicted by the compression model because the aversion from X would be more likely to generalize to AX, which is represented, than to BX, which is not. By contrast, the exclusive operation of an associative-chain process in within-event learning (e.g., Wagner, 1981) predicts that rats would equivalently reject AX and BX because both contain X, to which the aversion has been established. However, a second form of associative account could also predict the observed difference in consumption between AX and BX. It is possible that A's representation will gain a direct associative strength during X-US pairings (e.g., Ward-Robinson & Hall, 1996) ; thus, consumption of AX will be less than BX because of A's own association with the US. Although our findings do not allow us to choose between this account and the compression model, they provide greater certainty about the origin of withinevent learning than would normally be available. Furthermore, the conditions necessary to obtain stimulus-stimulus redundancy compression are perfectly met by within-event learning, and therefore the suggestion that gustatory within-event learning should have its origin in some other form of learning would challenge the generality of that model.
Another possibility is that the lesions were without behavioral consequence. However, rats from this investigation had previously served in a study reported by Coutureau et al. (2002) . In this study, a behavioral assay indicated that when two events (e.g., AX and BX) were followed by the same outcome (e.g., food delivery), a combined representation that codes for both events was formed (an abx representation). The existence of shared representations was implied by the observation that change in the value of A alone (by its pairing with a large quantity of food) was manifest in rats' behavior to B (see also Allman, Ward-Robinson, & Honey, 2004; . This effect was absent in rats with lesions of the EC (i.e., Group EC from the current study). Coutureau et al.'s finding, thereby, demonstrates that the EC lesions in our study exhibited behavioral effect on the formation of stimulus representations. It is noteworthy that the effect of EC lesions reported by Coutureau et al. was on representational changes occurring when events predicted the same outcome rather than, in our experiment, when they co-occurred.
It is important to acknowledge, however, that there are two ways in which the gustatory within-event learning procedure is unusual: Figure 1 . A: Mean consumption (with a maximum of 10 g) of Solutions X and Y during Phase 2. During that phase, each presentation of X, but not Y, was followed by an intraperitoneal injection of LiCl. B: Mean consumption of Solutions A and B during the test for within-event learning that followed Phase 2. C: Mean consumption of Solutions AX and BX during testing that followed the within-event learning test. LiCl was not administered during either test. Error bars represent the standard error of each mean. EC ϭ entorhinal cortex.
(a) Learning about gustatory stimuli may be atypical and subject to different learning principles (but see e.g., Dickinson & Mackintosh, 1978; Domjan, 1983) ; (b) the paired stimuli are from the same modality, whereas in other investigations of the neural substrates of within-event learning cross-modal compounds have been used (e.g., Nicholson & Freeman, 2000; Port, Beggs, & Patterson, 1987) . However, this cannot be a complete account of the discrepancy because Talk, Gandhi, and Matzel (2002) reported an effect of selective hippocampal lesions on within-event learning with auditory compounds, and Honey and Good (2000) have reported intact within-event learning in rats with hippocampal lesions with audiovisual compounds.
We note that lesions of brain areas adjacent to the EC have produced inconsistent results on within-event learning. For example, Port et al. (1987) and Talk et al. (2002) found disruptions of within-event learning following lesions of the hippocampus, whereas Honey and Good (2000) and Ward-Robinson et al. (2001) did not. One procedural difference that could be responsible for this inconsistency is the choice of design for within-event learning. The use of a between-subjects design requires a control group to receive A and X unpaired during Phase 1: This group will be accustomed to experience of A alone by the test. However, for the group that receives presentations of AX, unconditioned responses that habituated may be reinstated when A is presented alone during testing. Under certain conditions it is possible that dishabituation may contaminate the CR (e.g., Pfautz, Donegan, & Wagner, 1978) . However, dishabituation could not bias testing with the withinsubject design because, following Phase-1 experience of AX and BY, dishabituated unconditioned responses to A would be equivalent to those of B. Furthermore, hippocampal damage can affect habituation (e.g., Honey & Good, 2000) ; it is, thus, possible that abnormalities of habituation could modify test performance to produce apparent deficits in within-event learning. That hippocampal lesions appear to have affected within-event learning when between-subjects designs have been used (Port et al., 1987; Talk et al., 2002 ), but they have not when within-subject designs have been used (Honey & Good, 2000; Ward-Robinson et al., 2001 ) is consistent with this suggestion.
These considerations do not resolve the discrepancies in the literature described above; nonetheless, the findings that lesions of the hippocampus and the EC can fail to influence within-event learning challenge not only the theory of Myers et al. (1995) but a related theory suggesting a general role for the broader hippocampal formation in within-event learning (Gluck & Myers, 1993) . 
